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Abstract  

This paper is focused on the analysis of the treatment of water contaminated with green microalgae using 

different flocculants. First, the algae inoculum was conditioned and cultivated in distilled water contained in 

several Pyrex culture bags for 21 days. The growth profile was monitored and found to correspond with 

standard growth curves for microbes for which the extensive and declining growth phases were evident at 

between 1st – 11th day and 16th – 21st day of cultivation respectively. The harvested microalgae samples (before 

and after flocculation) were subjected to microscopy test and imaging, in order to assess the effect of flocculants 

on the green microalgae cells. Polymeric chitosan and alum solutions were prepared as flocculants for treating 

the water contaminated with green microalgae. Optimum flocculation efficiency of the treated water was 
obtained at percentage turbidity removal of 96 % for both flocculants, which was at 10 mg/L for polymeric 

chitosan solution and 80 mg/L for alum solution. The pH of the flocculants also affected the percentage turbidity 

removal of the treated water, hence, both flocculants gave maximum flocculation efficiency at pH = 7. Physical 

assessment of the treated water using both flocculants showed water samples whose appearance were colourless, 

clear and transparent. Water treated with polymeric chitosan was also tasteless, while evidence of dissolved 

impurities in the water treated with alum solution imparted on it, mildly acidic and sour taste. Based on this 

study, polymeric chitosan is a preferred flocculant when compared to alum because water treated with 

polymeric chitosan is safer for human consumption.        

. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Available sources for water are numerous: lake, 
creek, well, borehole etc. However, these sources do 

not provide clean and portable drinking water, 

because of their contacts with impurities or 

contaminants that are either in suspended or 

dissolved forms. These impurities may give water the 

characteristic appearance of colour, odour, taste and 

turbidity (Hammer and Hammer (Jr), 2008). 

Turbidity is a property which evaluates the amount of 

suspended particles in water. These particles may be 

constitutes amongst other things, to include parasites, 

protozoan, bacteria and microalgae. Normally, 

excessive microalgae growth in surface water may be 
due to high content of nutrients and long exposure 

time to sunlight (Tchobanoglous et al, 2003; Howard 

et al, 1985).  

 

Microalgae are very small primitive plants of size: 1 

– 200 μm, with no roots or stems or leaves, but 

contain chlorophyll which absorbs sunlight to 

maintain its growth and colour through 

photosynthesis as shown in eq. 1. 
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The microalgae cells of interest are those whose 

presence in water can physically be identified by the 

characteristic greenish colour, fish odour and bitter 

taste that it impact on the water. This group of algae 

cells are called chlorophyta (Vlaski et al, 1996). The 

cells are also negatively charged, and in effect, 

capable of preventing natural aggregation of it 

particulate biomass in water (Brennan and Owende, 

2010). 

Coagulation and flocculation are cost effective and 

efficient methods for removing these suspended 

microalgae particles from water, and at the same time 

will drastically reduce the turbidity of the water. 

Conventionally, charged chemical agents such as 

Alum, Aluminium Sulphate, Ferric Chloride, Ferric 

Sulphate, Calcium Oxide, poly (acrylamide) etc. are 

typical examples of chemical coagulants (or 

flocculants) that can be used for treating turbid water 
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(Chiu et al., 2009). They can be added to raw water 

in order to cause suspended particles to aggregates 

and sediments, while the sludge formed are removed 

by filtration and other methods (Mackenzie et al., 

1991).  

 
The alum of interest for this study is the potassium 

alum whose basic properties are shown in Table 1. It 

is commonly used for water treatment, and can also 

release residual aluminium metal into the treated 

water which can cause undesirable effects to the 

human consumer, such as Alzheimer disease 

(McLachlan, 1995). The use of flocculants from 

biological sources: chitin, isinglass, moringa-oleifera, 

guar-gum, alginate etc. for treating raw water may 

not present any undesirable effect. The reasons are 

that some of these flocculants are biodegradable, non-

toxic and are low-cost polymers which have ionic 

properties (Renault et al., 2009). 

 

The polymeric chitosan is one of the most promising 

bioflocculant derived from chitin which is a waste 
shell (or exoskeleton) of animals such as insect, 

spider and crustaceans. Chitin can be modified into 

chitosan by semi-synthetic methods: 

demineralization, deproteinization, decolourization 

and alkaline deacetylation. Chitosan is a nature 

copolymer composed of two randomly distributed 

repeating units of N-acetyl-glucosamine and N-

glucosamine. As shown in eq. 2, the distribution of 

N-glucosamine unit in the chain is greater than 50 % 

(Khor and Lim, 2003) 

In addition to chitosan’s basic properties (see Table 

1), It is generally characterized by other 

physicochemical properties: nitrogen content, ash 

content, molecular weight, crystallinity, solubility 

and degree of deacetylation, biodegradability and 

ionic properties (Ravi, 2000). It can be applied as 

flocculating and chelating agents for water treatment 
process. This is because it can neutralize and 

destabilize suspended particles in the water as well as 

cause it removals (Nair and Madhavan, 1984).  

 

Table 1: Basic properties of polymeric chitosan and 

alum  
Property  Polymeric chitosan  Alum  

Chemical 

nature : 

Class : 

 

Formula : 

Molecular 

weight, g/mol : 

 

Biopolyaminosaccharide 

(coplymer) 

(C6H11NO4)n 

5.5 x 10
5
 

 

Potassium alum 

(inorganic salt) 

AlK(SO4)2.12H2O 

474.39 

Appearance Whitish powder (or 

flake) solid and tasteless 

Colorless with  

astringent taste 

Solubility Soluble in dilute acids Soluble in water 

Biocompatibility Biodegradable and non-

toxic 

Recyclable, 

recoverable and 

toxic in large 

doses 

pH of flocculant  

solution 

4.0  - 9.0 3.0 – 8.0 

Source: Dutta et al, 2004; El-Hefian et al, 2010; 

NZWWA, 2016. Where, NZWWA = New Zealand 

water and wastes association.   

There are reported works on chitosan’s application 

for water treatment, For instance, Divakaran and 

Pillai (2002) applied chitosan in different dilute acid 

medium to form coagulant and flocculant aid for 

turbidity removal from polluted water. Dilute HCl 

medium was observed to be more effective than 

acetic-acid medium, because the latter medium 
increased the total organic carbon (TOC) of the 

treated water.   

 

In the same vein, Buelna et al (1990) determined the 

flocculation efficiency of chitosan solution dosed into 

water samples containing suspended microalgae 

particles using jar test for which pH and 

concentration of the chitosan solution affected the 

efficiency of flocculation. The results obtained 

showed over 90 % reduction in turbidity of 

wastewater sample at pH and chitosan’s 

concentration of 7.0 and 15 mg/l respectively, while 
value was rapidly reduced for water sample at pH ˃ 

7.  

 

Lin et al (1972) determined the flocculation 

efficiency’s of alum solution dosed into wastewater 

samples containing suspended microalgae particles 

using jar test technique. The pH and concentration of 

the alum solution in each wastewater sample was 

adjusted amidst vigorous agitations at 30 rpm for 30 

mins. The results showed maximum flocculation 

                    (N-acetyl-glucosamine unit)     (N-glucosamine unit) 

(2) 
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efficiency of 85 % for the sample having 30 mg /l of 

alum solution dosed at pH = 7.8.  

 

Mehdinejad et al. (2009) used alum solution 

supported with chitosan solution (as flocculant aid) 

for turbidity removal from wastewater. The results 
obtained for using alum solution alone, showed a 

residual turbidity of less than 5 NTU at pH between 

7.0 and 7.5. Further reduction in the turbidity of the 

wastewater to 2.9 NTU was observed on the addition 

of acid-prepared chitosan solution. 

 

The purpose of this study is to further evaluate the 

potentials of chitosan for effective flocculation of 

suspended green microalgae particles in a water 

body. Microalgae will normally grow on stagnated 

water bodies in our communities thereby making 

them contaminated and unusable. These waters can 
be recovered using flocculation treatment. For this 

study, green microalgae growth in water was 

artificially stimulated under laboratory conditions. 

Polymeric chitosan and alum solutions were used as 

flocculants. Optimal conditions for effective turbidity 

removal and suspended solid reduction in the 

microalgae contaminated water samples were 

determined, while flocculation efficiency’s for using 

polymeric chitosan and alum solutions were 

compared.  

 

MATERIALS AND METHOD 

Materials 

The main materials used for this work were 

polymeric chitosan flakes (≥ 75 % deacytelation, 

sigma chemicals), alum (98 % w/w, CTL), distilled 

water and microalgae inoculums. The additional 

reagents used: hydrochloric acid (36 % w/w, BDH), 

sodium hydroxide pellets (96 % w/w, BDH) and 

sulphuric acid (98 % w/w, Aldrich). The microalgae 

inoculum was centrifuged from water sample 

obtained from stagnant pond located at a local 

community farmland. Other materials and equipment 
used in this work will be mentioned in the 

appropriate session.  

 

Method 

The methods adopted for this work includes 

microalgae cultivation, polymeric chitosan and alum 

dissolution, flocculant pH adjustment, Jar test for 

turbidity removal and physical property test.   

 

Microalgae Cultivation 

Microalgae cells were cultivated by stimulating its 
growth through culturing and enrichment of medium 

using standardized bold basal medium (BBM) for 

freshwater microalgae. Thus, 20 g of BBM was first 

dosed into 250 ml of mixed microalgae inoculums 

harvested from stagnant pond near a local community 

farm. The inoculums was thoroughly mixed and 

allowed to rest for 30 mins. Thereafter, 20 ml each of 

this inoculates were separately injected into eleven 

(11) different 10 L capacity Pyrex sample bags 

already filled with distilled water, thereby forming 

the microalgae culture media. Before sealing the 

culture bags, each were directly aerated with air-rich 

CO2 using aerator-rotameter system.  

 
The air bubbles produced by the system created 

turbulence in the water for ease of circulation of CO2. 

In order to abstract chlorophyll into the culture, it was 

exposed to constant rays from florescent-tube light 

source installed in the cultures chambers. These 

chambers were also kept near the laboratory windows 

for direct absorption of sunlight (Figure 1). The BBM 

helped to supply nutrients to the inoculated 

microalgae, and its growths were subsequently 

monitored for a 21-day incubation period. Optical 

density measurement was routinely carried out for the 

cultured media.  

 
Figure 1: Photograph of Pyrex sample bags 

containing cultivated microalgae cells.  

 

Polymeric Chitosan and Alum Dissolution  

1 g of polymeric chitosan flakes was mixed with 100 

ml solution of 0.1 M HCl in a 250 ml beaker 

capacity. The polymeric chitosan was allowed to 

dissolve in the acid for a period of 1 h amidst 

frequent agitation. The content was thereafter diluted 

to 1 L capacity with distilled water, given rise to 1 

mg/ml stock solution of polymeric chitosan, for 

which 2, 4, 6, 8, 10 and 12 mg/ml were the 

concentrations used. The volume equivalents for 

these concentrations were given as 0.5, 1, 1.5, 2, 2.5 
and 3 ml of stock respectively. Similar concentrations 

of alum solutions were prepared as 20, 40, 60, 80 and 

100 mg/l, and its equivalent volumes were 0.5, 1, 1.5, 

2, and 2.5 ml respectively. 

 

Flocculants pH Adjustment  

The pH of chitosan and alum stock solutions were 

adjusted to standards by adding different quantities of 

0.02 N NaOH (or 0.1 M HCl) into their content 

amidst agitation, followed by using a multi-parameter 

pH meter (Hanna HI 98130) to measure and ascertain 
the pH values. Tested pH of polymeric chitosan 
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solutions ranged between 4 and 9, while that of alum 

solutions was ranged between 5 and 8.  

 

Jar Test for Turbidity Removal 

Jar test was carried out using a Stuart Scientific 

Flocculator (SW1 model) carrying six 500 ml beaker 
capacities each equipped with stirrer, and containing 

350 ml wastewater sample containing cultured 

microalgae (Figure 2). Varied concentrations of 

polymeric chitosan solutions were dosed 

simultaneously into different designated beakers 

amidst stirring for 30 mins at 60 rpm.  

 

This procedure was again repeated for another five 

beakers containing microalgae contaminated 

wastewater dosed with different concentrations of 

alum solution amidst continuous agitation at 60 rpm 

for 30 mins. A stop watch was used for timing the 
speed of flocculation and settling for both cases.  

 
Figure 2: Photograph of Jar test experiment using the 

Stuart Scientific Flocculator – SW1 model   

 

Physical Property Test  

This section presents some physical property 

measurements carried out for the water samples 

obtained at different stages of the work: microalgae 
cultivation, microalgae harvesting, Jar testing (or 

flocculation treatment) and after-filtration process. 

The parameters measured are colour, 

microscopy/imaging of microalgae cells, pH and 

turbidity. Others are total dissolved solid, total 

suspended solid and optical density. 

 

Colour  

The intensity of the green coloration of the cultured 

media was measured qualitatively by visual 

inspection as the cultivation progresses. It was also 
used to assess the extent of growth of the microalgae 

in the various media. Worthy of note was that the 

culture became much greener after 21 days. 

 

Microscopy Test   

The cultivated microalgae mass were harvested from 

the water samples before and after dosing with 

flocculants. Samples of these microalgae mass were 

subjected to microscopy test, purposely for cell 

identification and imaging using compound 

microscope.  

 

Different slides of microalgae samples were clipped 
at different times onto the microscope stage, while 

switching on the power to release illumination from 

light source. The light was channelled through the 

slides by the diaphragm to reach the objective lens. 

The coarse focus adjuster focused the slides unto the 

lens in order to find the microalgae samples. Finer 

views of the microalgae samples were created by the 

fine focus adjuster.  

 

For clearer views of the microalgae sample images, 

400-power magnification (400x) was required by the 

objective lens. These images were reflected through 
the body tube to the eyepiece (or ocular lens) where 

the samples were again enlarged by an additional 10-

power magnification (10x). Thus, placing the 

aperture of a high resolution camera closely onto the 

eyepiece of the compound microscope, the 

microalgae samples images were captured and 

recorded on a scale of 20 µm as presented in Figures 

3 and 4.  

 

 
Figure 3: Photograph of cultivated microalgae mass 

harvested before dosing with polymeric chitosan. 

 

 
Figure 4: Photograph of cultivated microalgae mass 

harvested after dosing with polymeric chitosan 
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Total Suspended Solid  

Total suspended solid (TSS) is a parameter which 

measures the concentration of particulate matters in 

water that are unable to settle or sediment. In other 

word, it measures the portion of total solids contained 

in water that are separated from the dissolved solids 
by filtration. TSS was measured in accordance with 

2540 D standard (APHA, 2005). 50 ml of water 

sample was taken from each medium for TSS 

measurement on 3-daily interval basis for 21-day 

study period. Before sampling, each cultured medium 

was vigorously agitated.  

 

Dry Whatman filter paper (GF/C type) of 70 mm 

diameter was weighed empty, afterward, used to filter 

water sample in order to recover the suspended 

particles. Wet filter paper was then dried in a vacuum 

drier at 105 oC and 740 mmHg for 1h, followed by 
being cooled in a desiccator for another 15 mins 

before being weighed again. The TSS was estimated 

based on eq. 3. 

)3(
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Where, w1 = initial weight of filter paper, g; w2 = 

final weight of filter paper, g; Vs = volume of water 

sample, ml.  

 

Note that during the Jar test method, TSS 

measurements were performed for water samples 

dosed with varied concentrations of flocculants 

(polymeric chitosan and alum solution) at an adjusted 

pH. 

 

Optical Density 
Optical density is a parameter which monitors the 

growth of microalgae cells during the cultivation. It 

actually measures the concentration (or number) of 

microalgae cells in the aqueous suspension. The 

measurement uses a spectrophotometer (UNICAM 

8625) for which APHA 8111G standard was adopted, 

and in line with the Beer-Lambert law which states 

that the relative scattering of light (or absorbance) is 

proportional to the concentration or density (or 

number of microalgae cells) in suspension.  

 
In this experiment, the spectrophotometer was 

switched on and allowed to stabilize for 15 mins., 

while its wavelength was adjusted to 600 nm. After 

calibration with distilled water, 4 ml each, of aqueous 

microalgae cultures were separately sampled from the 

culture bags and introduced into the 

spectrophotometer from where the absorbances were 

measured. This procedure was routinely repeated for 

aqueous microalgae culture for the 21-day incubation 

period. The optical density (OD) is calculated using 

eq. 4 and 5.  

        
Cl
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                         (4) 

        
l
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OD 

600
                                             (5) 

Where, A = absorbance, abs unit/cm; C = 

concentration of solution, mole/l;  l = thickness of 

solution, cm; OD = optical density, mole/l  and ε = 

spectral absorptivity, %.    

 

Turbidity  
Turbidity measures the light transmitting property of 

a liquid (e.g. water). Most importantly, turbidity is a 

key parameter used for determining water quality 

with respect to residual colloidal and suspended 

matter content. The turbidimeter (HACH 2100A) was 

used for the measurement based on APHA 2130B 

standard. After calibrating the instrument to desired 

range with formazin suspension, the turbidity of the 

microalgae contaminated water samples were 

measured before and after different doses of 

flocculants and at different pH. 

 

pH and Total Dissolved Solid  
The pH and total dissolved solid parameters for the 

water were obtained by direct measurement using a 

multi-parameter waterproof pH, electrical 

conductivity (EC)/total dissolved solid (TDS) and 

temperature meter (Hanna HI 98130). The instrument 

was first calibrated prior to use with buffer standards 

using potassium chloride solution and zero oxygen 

solution (from HACH). The pH electrode and 

EC/TDS probe were dipped directly into each test 

sample thrice, after which the displayed readings 
were recorded for each dip. Note that both the probe 

and electrode were normally rinsed in distilled water 

after each measurement to avoid errors.  

 

DISCUSSION OF RESULTS 

The results obtained are discussed under the 

following subheadings: growth profile of microalgae 

culture and analysis of flocculation treatment for 

water contaminated with green microalgae.  

 

Growth Profile of Microalgae Culture  

The inoculation of the culture bags (containing 
distilled water) with microalgae cells was followed 

by enrichment using BBM (Table 2). The culture 

bags were also conditioned based on Table 3, so as to 

enable the stimulation of microalgae growth. Physical 

inspections showed progressive appearance of green 

coloration in the medium which indicates algae 

growth. The growth profile was monitored for a 21-

day incubation period using optical density 

measurement.  

 

The growth curve obtained (Figure 5) was devoid of 
the adaptation growth phase, while the extensive 

growth phase was evident between the 1st and 11th 

day for which the optical densities at 600 nm were 

ranged between 0.02 and 0.38 g/L Also, a stationary 

growth phase was noticed at between the 11th and 16th 

day at constant optical density of 0.38 g/L, while a 

declining growth phase was evident between the 16th 

and 21st day of incubation.  
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Table 2: Recipe for bold basal medium used as nutrient source for green microalgae culture in freshwater  
S/N Component Stock Solution (g per 200 ml): 

1 NaNO3 5 

2 MgSO4.7H2O 1.5 

3 NaCl 0.5 

4 K2HPO4 1.5 

5 KH2PO4 3.5 

6 CaCl2.2H20 0.5 

7 Element in Trace Quantity in solution: 

ZnSO4.7H20 

MnCl2.4H20 

MoO3 

CuSO4.5H20 

Co(NO3)2.6H20 

Stock Solution (g per 250 ml): 

2.205 

0.36 

0.355 

0.785 

0.1225 

 

8 

9 

 

 

10 

Additional Component: 

H3BO3 

Alkaline EDTA Solution: 

EDTA 

KOH 

Acidified Iron Solution: 

FeSO4.7H2O 

H2SO4 (conc.) 

Stock Solution (g per 250 ml): 

2.8 

 

12.5 

7.75 

 

1.245 

0.5 

NB: Medium recipe per 10 litres of de-ionized water contained in culture bag: Stock solution     

1- 6: 100 ml each, Stock solution 7 –10: 10 ml each.      

Source:www.ccap.ac.uk/media/documents/BB.pdf        
 

Table 3: Operating condition for the microalgae culture  
S/N Parameter Value 

1 Operating volume  10 Litres 

2 Mean temperature  28 ± 0.1 
o
C 

3 Speed of mixing for medium 60 rpm 

4 Incident light intensity into 

medium 

780 -800 Lux 

5 Aeration rate 4.2 Litre air/min Litre 

culture 

6 Daily exposure to light 18 h (light) and 6 h 

(darkness) 

7 Culture duration 21 days 

 
 

Analysis of Flocculation Treatment for Water 

contaminated with Green Microalgae   

Flocculants tested for this treatment were polymeric 

chitosan and alum. The polymeric chitosan is a 

biopolymer flocculant while alum is a chemical 

flocculant. The efficiency’s of the flocculation 

treatment was measured based on percentage 

turbidity removal (or percentage TSS reduction). This 
discussion will consider the effects of pH and 

concentration of flocculant on the flocculation 

efficiency. 

 

Application of Polymeric Chitosan Solution  

The experimental results obtained clearly showed that 

polymeric chitosan is an effective flocculant for 

treating water contaminated with suspended particles 

of green microalgae. It was also observed that the 

effectiveness of the flocculant was affected by its pH 

and concentration. Thus, for all media tested, a 

continuous increase in percentage turbidity removal, 

and decrease in TSS and turbidity values were 

evident with increasing concentrations of polymeric 

chitosan. 

 
For instance, enhanced values of flocculation 

efficiencies were observed for water medium dosed 

with increasing concentration of polymeric chitosan 

solution of 2 to 12 mg/L at pH = 7, for which 

percentage turbidity removal increased from 42 to 92 

% (Figure 6). Similarly, total suspended solid (TSS) 

and turbidity values for the same medium showed 

trends of continuous reduction (Figures 7 and 8). 

Lower values of flocculation efficiencies were 

evident in the water medium having polymeric 

chitosan solution dosed at increasing concentrations 
from 2 to 12 mg/L at  pH = 5. Consequently, the 

percentage turbidity removal for this medium 

increased from 34 to 68 % (Figure 6). Intermediate 

values of flocculation efficiencies were also obtained 

for polymeric chitosan solution at pH = 4, 8 and 9. 

This result generally corroborates the works of 

Buelna et al (1990), Divakaran and Pillai (2002) and 

Mehdinejad et al (2009), wherein the suitability of 

polymeric chitosan solution to serve as flocculant (or 

flocculant aid) for wastewater treatment were tested, 

and for which enhanced flocculation efficiencies of 

percentage turbidity removal value of over 90 % were 
obtained. Physical examinations carried out for 

treated water media using high concentrations of 

polymeric chitosan were observed to be clear, highly 

transparent and imparted no taste on the water.                

http://www.ccap.ac.uk/
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Application of Alum Solution  

The efficiency of the flocculation treatment for water 

contaminated with green microalgae also showed 

strong dependence on pH and concentration of alum 

solution. This assertion is evident from the results 
obtained, wherein percentage turbidity removal 

increased with increasing concentration of alum 

solution and its pH. As a result, the percentage 

turbidity removal increased from 35 to 91 % just as 

concentration of alum solution increased from 20 to  

100 mg/L at pH = 5 (Figure 9). Similar trends were 

evident for other water samples treated with alum  

 

solution. Also, TSS and turbidity values of the 

contaminated water samples decreased continuously 

even as the concentration of alum solution increased 

from 20 to 100 mg/L (Figure 10 and 11).  

 
Therefore, the effectiveness of alum solution as 

flocculant were observed to be high for all pH tested: 

35 to 91 % at pH = 5; 33 to 94 mg/L at pH = 6; 46 to 

93 mg/L at pH = 7 and 35 to 92 mg/L at pH = 8 

(Figure 9). Thus, an optimum performance for the 

flocculation treatment showed 96 % turbidity 

removal at alum concentration and pH of 80 mg/L 
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and 7 respectively. This result was slightly variant 

from that obtained from Lin et al (1972) in which an 

optimum flocculation efficiency of 85 % for 

wastewater was obtained at alum solution 

concentration and pH of 30 mg/L and 6.8 

respectively. In addition, physical inspection of the 

treated water using alum solution as flocculant 

showed mildly acidic and sour taste appearance 

which was evidently imparted by the alum solution 

(Table 4).      

  

  

 

Table 4: Basic properties of the treated water 
Property Value 

Water treated 

with polymeric 

chitosan  

Water treated with 

alum  

Appearance Colorless and 

clear 

Colorless and clear 

(with mild acidic and 

sour taste) 

Total Suspended 

Solid, TSS (mg/L) 

0.005 0.008 

Turbidity (NTU) 0.85 1.97 

pH 7.4 6.5 

Total Dissolved Solid, 

TDS (mg/L) 

74 1750 

Microscopy  No microbe No microbe 

 

CONCLUSION 

The growth profile of the cultivated green microalgae 

was characterized by massive green coloration, for 

which the growth curve corresponds to that of a 

normal growth curve for microorganisms, except that 

the adaptation growth phase was completely absent. 

Polymeric chitosan solution was observed to be 

effective flocculant for treating contaminated water, 

due to the attendant clarity, tastelessness and good 
appearance of the treated water. The efficiency of 

flocculation is affected by the pH condition and 

concentration of the flocculants. For this study, 

optimum conditions for flocculation by polymeric 
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chitosan solution was obtained as pH = 7 and 

concentration of 10 mg/L, for which the percentage 

turbidity removal was given as 96 %.  

 

In the same vein, the effectiveness of alum solution 

as flocculant for treating water contaminated with 
green microalgae was also observed to have enhanced 

flocculation efficiencies for all tested conditions. An 

optimum value of flocculation efficiency was 

obtained at percentage turbidity removal of 96 % at 

alum solution concentration and pH of 80 mg/L and 7 

respectively. Although, the application of both 

flocculants for treating contaminated water showed 

enhanced flocculation efficiencies, but the polymeric 

chitosan solution is a preferred flocculant, because 

the resulting microalgae flocs will not contaminate 

the environment with toxics or heavy metals in the 

event of discharge. Also, the treated water with 
polymeric chitoran solution is devoid of dissolved 

impurities and taste which can make it unsafe for 

human consumption. 
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